Human-animal bond is receiving increasing attention and is thought to confer benefits on well-2 being and performance in working animals. One important benefit of bonding is the "safe base" 3 an attachment figure provides, which manifests in better coping and increased exploration 4 during potential threat. However, there is limited research exploring the existence or benefits of 5 human-horse bonds, though bonding is sought after by both pleasure and elite riders. The 6 purpose of the current study was to determine whether the presence of horses' owners confers 7 a safe-base, improving horse behaviour and physiological stress responses during novel 8 handling tests. Horses completed two different handling tests, one with their owner and the 9 other with an unfamiliar experimental handler (n = 46). Test and handler order was randomised 10 and handlers were double blind to the performance of the horse with the alternate handler. Time 11 taken to complete the tests and proactive behaviour were measured as indicators of 12 performance and compliance. Core temperature, discrepancy in eye temperature, heart rate 13 and heart rate variability were recorded to assess stress responses. If horses experience a 14 "safe base" effect in the vicinity of their owner, they would be expected to show lower stress 15 responses and greater behavioural compliance, compared to being handled by a stranger. 16
INTRODUCTION 28
Human-animal bond has received increasing interest in recent years (e.g. Payne et al. 2016 ; 29
Payne et al. 2015). Attachment Theory is concerned with the development of bonds between 30
infants and their caregivers in humans (Cassidy, 1999) and mammalian species (Newberry and 31 Swanson, 2008) . It is theorised that appropriate bonds aid in survival because vulnerable 32 offspring keep close to their mothers in such species. Since domestic animals depend on 33 human caregivers to a certain extent, some level of attachment-type bond may exist. A fully 34 developed relationship bond is characterised by proximity seeking, secure base, safe haven and 35 separation distress (Cassidy, 1999) . Secure base refers to reduced stress under perceived 36 threat and increased exploration in the presence of the attachment figure (Mikulincer and 37 Shaver, 2003) . It is therefore, a suitable construct of bonding to investigate objectively in 38 human-animal bonds. 39
Bonding between animals and their human caregivers is highly desirable as it is purported to 40 improve human well-being (Walsh, 2009 ) and is anecdotally reported to affect training outcomes 41 in horses (e.g. Parelli 1993; Roberts 1997) . Within competitive equestrianism, human-horse 42 bonds are thought to be integral to the success of partnerships during challenging and highly 43 pressurised situations (Fallis, 2013 ). However, due to this perceived importance, and the fact 44 that many human carers feel strong bonds towards their animal companions, it may be that 45 reciprocal bonds are incorrectly perceived. Species that are highly dependent upon their care-46
giver, such as dogs, may be presumed to have more opportunities to bond. Indeed, separation 47 this test, the subject walked through the frame, causing the streamers to touch the face and 99 body of the subject as they passed through. 100
Both objects were present within the test arena and faced the exit and conspecifics, because 101 differing directions could have affected the motivation to complete the test. A standard jump 102 pole was placed 2m in front of each test, which the subjected walked over to mark the start of 103 the test. Handlers indicated that the horse should walk towards the obstacle using leadrope 104 pressure but no verbal or additional tactile cues were permitted. Horses had a maximum of 3 105 minutes to complete each handling test, as previous research indicates that horses that have 106 not completed the test within this time do not do so (Ijichi et al., 2013) . Tests were recorded on 107 video for post-hoc analysis. 108
Experimental Design 109
Upon arrival at the testing area, horses were fitted with a Polar Equine V800 heart rate monitor 110 by K.G. (Polar Electro Oy, Kempele, Finland). The elasticated surcingle was attached to the 111 girth area, which had been moistened with water to aid conductivity. After confirming that HR 112 was being detected, subjects were given a minimum of 5 minutes to habituate to the monitor. 113
This was deemed sufficient as all subjects had previously worn girths and/or lunging rollers. 114
During habituation, subjects were outside of the indoor testing arena and could not see the 115 novel objects. 116
Test order and handler order was randomised and horse order was pseudo-randomised, 117 depending on the availability of subjects. Each handler was blind to the behaviour of the subject 118 with the alternate handler and owners were expressly forbidden from discussing the likely 119 behaviour of the subject. Double-blinding was possible as the test arena had solid doors and a 120 research assistant remained outside at all times to prevent the second handler from attempting 121 to see into the arena. Subjects entered the arena with the first handler and proceeded to a 122 designated area for eye temperature measurement. This was marked by two parallel jump polesin the same position and direction within the enclosed area. This was to reduce the potentially 124 confounding effects of direct sunlight and environmental factors on IRT readings (Church et Upon successful completion of the task, or termination at 3 minutes, the subject was led back to 130 the designated area for post-test eye temperature readings. Recordings were taken as per pre-131 test procedures. Horses that completed the task in less than 3 minutes were then held for the 132 remainder of the available crossing time. This ensured the second handler could not deduce the 133 subject's behaviour during the first task as all horses remained in the arena for a similar amount 134 of time. Upon leaving the test arena, the subject had a minimum of 5 minutes to recover, before 135 re-entering with the second handler. The procedure was then repeated verbatim. 136
Analysis 137

Behaviour 138
Crossing time began when the first fore-limb bore weight after the ground pole 2m in front of the 139 obstacle. Crossing time ended when the last hind-limb bore weight on the tarpaulin for Test A 140 
Heart Rate 164
Heart rate readings were taken from the point of the first IRT reading to the second IRT reading, 165 for each test. Heart rate analysis was carried out using Kubios HRV (ver.
Finland, Kuopio, Finland.). Kubios settings were adjusted in line with previous equine studies 168 (Ille et al., 2014) . Specifically, artefact correction was set to custom level 0.3, thus removing RR 169 levels varying by more than 30% from the previous interval. This means that if a single RR 170 interval was more than 30% different from the preceding interval, it is deemed to be an incorrect 171
reading. Trend components were adjusted using the concept of smoothness priors set at 172 500ms, to avoid the effect of outlying intervals. The STD RR value, being the standard deviationof RR intervals, was used as the HRV figure to reflect both short-term and long-term variation 174 with the series of RR intervals. Heart rate readings for both tests were recorded for 26 subjects, 175 allowing a comparison between handlers. 176
Statistical Analysis 177
Statistical analysis was carried out using R (R Development Core Team, 2017). Data normality 178 was tested using Shapiro-Wilks, which indicated that data was not normally distributed. 179
Therefore, non-parametric tests were used throughout. Wilcoxon Signed-Rank tests were used 180 to detect potential differences in crossing time, proactivity, heart rate, heart rate variability, core 181 temperature and discrepancy between eye temperature between familiar and unfamiliar 182 handlers. 183
Ethics 184
Owners provided informed consent for each subject via the completion of a participant 185 information form. All data provided was held in accordance with the Data Protection Act (1998). 
RESULTS 192
There was no statistically significant difference in behaviour or any indicator of stress, 193 depending on whether horses were handled by a familiar or unfamiliar person (Table 1) 
DISCUSSION 199
The aim of the current study was to ascertain whether a safe base effect of bonding could be 200 interactions (Cassidy, 1999) . 205
Stress responses of subjects did not differ depending on whether they were handled by their 206 owner or the unfamiliar handler. There was no difference in core eye temperature, the 207 discrepancy in temperature between eyes, heart rate or heart rate variability. Owners care for, 208 and train, their horses daily and, as such, are the most likely sources of human attachment. 209
During the unfamiliar handler procedure, horses were separated from their owners and 210 presented with a potential threat, without a "safe base". However, this does not appear to cause 211 stress in horses, indicating that neither safe base (Cassidy, 1999) practices, which are often described as either "natural" or "sympathetic" horsemanship, claim 225 that bonding has benefits for resolving issues that result from these factors (Roberts, 1997) . McGreevy, 2010). For example, it has been shown that horses will follow an unknown person 230 after "join-up" with a different individual (Krueger, 2007 ), or will even follow an inanimate object 231 (Henshall et al., 2012) , within a round pen. In addition, the changes to behaviour resulting from 232 techniques such as round-pen interactions do not persist outside of this specialised context 233 (Krueger, 2007) . Taken together, these results do not conclusively reject the possibility of bonds 234 between horses and their owners. They do suggest that certain features seen in fully developed 235 attachments may not be meaningfully applied to human-horse interactions. 236
In the current study, the length of the relationship, the hours spent together each day and 237 whether positive or negative reinforcement was primarily used during training was not quantified 238 or controlled for. The type of reinforcement is known to affect subsequent reactions to humans 239 (Sankey et al., 2010) and may therefore have confounded the current study. In addition, it is 240 assumed that bonds take time to develop and the length of the relationship between horses and 241 owners was not controlled for here, though it was longer than previous studies assessing the 242 effects of familiarity (Marsbøll and Christensen, 2015) . The current findings contradict those of 243
Marsbøll and Christensen (2015), as their study noted positive effects of familiarity on handling 244 tests. However, the subjects of that study were unusual in having only positive interaction with 245 the familiar handler in a shorted time period. It is unlikely, despite even the best intentions, that 246 owners in real-world scenarios can avoid any negative interactions with their horses. Despite 247 this, a safe-base effect has been observed in human-dog relationships in which neither the 248 length of the relationship nor the predominant training method was controlled for (INSERT 249 MIKLOSI). This suggests that the differences between horses and dogs cannot fully be 250 accounted for by these limitations. One key difference between Miklosi et al (2015) and the 251 current experiment, is that subjects in the former were compared with and without any handler. 252
In the current study, all horses were handled by the same stranger and the particular attributes 253 of this individual are likely to affect how horses responded. 254 255
CONCLUSIONS 256
In the current study, the presence of a subject's owner did not affect behavioural or 257 physiological indicators of stress in horses during handling tests. Results indicate that, in 258 general, horses can be handled just as effectively without prior experience of the handler. These 259 findings suggest that competent handling is more salient than bond in influencing horse 260 behaviour during handling. This has implications for industries such as veterinary practice, 261 behaviour consultations and racing, where humans must quickly and effectively modify the 262 behaviour of horses under potentially stressful circumstances. This experiment suggests that, in 263 general, the presence of the horse's owner did not confer a safe-base effect. This does not 264 conclusively reject the concept of bonds between horses and owners however. First, such 265 bonds may be influenced by the amount and type of interaction between the dyad. It is possible 266 that the sample tested here had not successfully developed bonds. Second, it is also possible 267 that other features of attachment are present in human-horse interactions but that a safe base 268 effect is not one of them. Future research into this subject is needed to explore these 269 possibilities. 270 271
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